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SUMMARY
The bacteriaf genus kcillus continues to be a
iocus of intensive physiological, biochemical and
genetical research. The various members of the
genus are capable of growth in a wide range
of pH and temperature conditions and produce
a number of industr ial lyvaluable enzymes. The
recent develooment of a number o{ stable and
efficient host-vector systems for bacilli has
opened the opportunity to produce large
quantities of such enzymes. ln particular,
B.subtllrs has become the paradigm for research
in baci l l i  and other gram-posit ive bacteria, since
the genetics, biochemistry and physiology of
this organism have been well-characterized.
Recent years have seen an increased interest
in physiological processes in baci l l i ,  that occur
at higher temperatures. For biotechnological
application such processes have several
potential advantages, such as higher rates of
product f  ormation, decreased energy
expenditure both for agitation (due to the lower
viscosity of the culture broth) and {or cooling
during vigorous fermentation, and a reduced
danger of contamination by pathogenic
organisms. The genus Bacitlus comprizes a
number of thermophilic representatives which
may be suitable for the use in biotechnological
processes at higher temperatures. However, one
important requirement should be met: the
availability of stable and efficient hosi-vector
systems for these organisms.
Despite the considerable interest of
biotechnology for thermophil ic baci l l i ,  the
research in the l ield of plasmid biology of this
group of organisms is st i l l  in i ts infancy. pTB19
is a plasmid original ly isolated from a
thermophilic kcillus. The plasmid is relatively
large (26.5 kilo basepairs [kb]), has a low copy
number and encodes resistance against the
antibiotics kanamycin and tetracycline. Upon
selection on kanamycin the integrated plasmid
pTB913 is l iberated from pTB19. This plasmid
is much smaller than the parental plasmid (4.5
kb) and has a higher copy number,
This thesis deals with the characterization of
plasmids pTB19 and pTb913. Chapters l l  and
l l l  describe plasmid pTB913. In Chapter lV, a
second plasmid integrated into pTB19 is
described that is strongly related to pTB913.
Finally in Chapter V, studies are described
aimed at the development of cloning vectors for
use at hig her temperatures in B. su btil is and tha
thermophile fu c i I I u s stearothe rmop hi lu s onlhe
basis of (parts of) pTB19.
Chapter I provides a survey of the current state
of knowledge of several aspects of plasmid
biology ot Bacillus. The emphasis is on
replication mechanisms, plasmid stability and
plasmid biology of thermophil ic baci l l i .
In Chapter ll the sequencing to completion of
plasmids pTB913 and pMV158 is described,
Both plasmids appeared to replicate according
to the rolling-circle model and contained apalU
minus origin of replication homologous to that
ol lhe Staphylococcus aureusplasmid pUBl 10.
In addition, pMV158 contained a palA minus
origin. In both plasmids deletion ol the palu
minus origin led to the accumulation of single-
stranded DNA reolication intermediates. The
paluminus origin of pTB913 was flanked on one
side with an open reading frame specitying
bleomycin resistance. On the other side of the
palU minus origin pUBl 10, pTB913 and pMV158
contained a palindromic structure (the RSo-site)
followed by an open reading frame. C;omparison
of these RSA-siteswith ose of plasmidspTl 81,
pE194, pNE131 and pT48 indicated tho
existence ot two related groups of RSA-sites, the
former three specifying the first group, the latter
four the second group. Comparison of the open
reading frames flanking the RSo-sites in pTB913,
pMV158, pUBl 10, pT181 and pE194 revealed
that the deduced amino acid sequences of the
Pre or Mob proteins (Pre designates pasmid
recombination enzyme; Mob mobilization) were
highly related, especial ly in their N-terminal
parts. In all probability, the PrelMob proteins use
the RSA-site as the target in Rec-independent
recombination or in conjugative mobilization,
Two groups of PrelMob proteins could be
distinguished: the first three PrelMob proteins
mentioned above belonged to one group and
the latter two to the other. The observation that
a particular class of RSo-sites was accompanied
by a particular class oi PrelMob proteins
guggesrs tnat tne Interactron between tne
PrelMob proteins and their RSa-sites is highly
specific.
Chapter lll describes the structure of pTB913
when integrated in the parental plasmid pTB19.
DNA sequence analysis revealed that the
integration had resulted, by an unknown
mechanism, in the formation of a 55 basepairs
direct repeat. Integration had taken place within
the coding sequence of the repl icat ion init iat ion
gene o{ pTB913, rendering the integrated copy
of the plasmid unable to drive plasmid
reolication. lt was shown that the formation of
pTB913 from pTB19 was a very rare event.
However, once pTB913 was formed, B.subti l is
cells containing pTB913 appeared to have a
growth advantage over cells containing pTB19,
especiallyupon selection at high concentrations
of kanamycin. This offered a satisfactory
explanation for the accumulation of cells
containing pTB913.
In Chapter lV the nucleotide sequence of the
pTB19 region conferring resistance to
tetracycline is described. In addition to the
rol l ing-circle plasmid pT8913, nearly the whole
sequence of a second rol l ing-circle plasmid,
carrying the tettracycline resistance determinant,
appeared to be present in pTB19. The
ietracycline resistance genewas nearlyidentical
to the corresponding enes of a number of other
rol l ing-circle plasmids. Moreover, this region
contained a palUminus origin identical to those
of pUBl 10 and pTB913. As in pUBl 10, pTB913
and pMV158, an RSA-site and a gene encoding
a mobilization protein were present next to the
minus origin. The RSo-site dif fered in only one
basepair. from the RSA-site of pUB110 and in two
basepairs from that of pTB9l3. The encoded
mobil izat ion protein appeared to be a hybrid
between the mobilization proteins encoded by
pUBl 10 (N-terminal part) and pTB913 (C-
terminal part).
The results of experiments in which the RSo-site
and/or the mob gene of pUB110 were
exchanged for the corresponding regions from
the tetraq/cline resistant part of pTB19, indicated
that the hybrid mobgene enabled mobilization
at the same frequency as that of pUB110.
HOWeVer, Ine atrereo FloA-stre teLl ru a utasUu
reduction in the mobil izat ion frequency. This
lends strong support to the idea put fonvard in
Chapter llthat the RSo-site is the target site for
Mob protein and is involved in the process of
conjugative mobil izat ion.
Upstream of thetetracycline resistance genethe
3'end (275 basepairs) oJ a repl icat ion init iat ion
gene, homologous to that of pUB110, was
located, whereas the 5'end (250 basepairs) of
this gene was located downstream ol the mob
gene. The remaining 492 basepairs of the
central part of the replication initiation gene were
absent. As with pTB913, integration of the
tetracycline resistance-conferring rolling-circle
plasmid in pTB19 had iaken place within the
repl icat ion init iat ion gene, also rendering this
integrated plasmid incapable of autonomous
replication.
The results described in Chapters lll and lV
indicate that pTB19 was a cointegrate consisting
of at least three replicons: (i) the rolling-circle
plasmid pT8913; (ii) the tetracycline resistance-
conferring plasmid that also belonged to the
family of rol l ing-circle plasmids; and ( i i i )  a
plasmid based on the RepA determinant
repl icat ing via a theta mechanism, l t  was
hypothesized that, as a result of mobilization,
the rol l ing-circle plasmids had been transferred
to a thermophilic Bacf/us containing the RepA
replicon. Such plasmids may well be incapable
of self-maintenance under these adverse
conditions (an example of this is described in
Chapter V). lt is speculated that only plasmids
that become integrated into the RepA replicon
could survive under these unfavourable
condit ions. Probably, in this system strong
selection exists in favour of plasmids in which
the repl icat ion init iat ion genes of the integrated
rol l ing-circle plasmids are interrupted. The non-
iunctionality of the replication initiation gene is
expected to prevent structural plasmid instability
mediated by the presence of large direct repeats
and multiple replication origins of the related
integrated rolling-circle plasmids.
In Chapter V studies on the development of
stable host-vector systems at higher
temperatures are described. To this purpose,
plasmid pTBg13, described in Chapters l l  and
lll, was used. The segregational stabilities of
pTBgl3derivatives in B.subfla at 37"C and 47C
and in B.sfearothermophilus at 57"C were
analyzed. ln B. su bt i I is al 37"C the stability of the
plasmid appeared to be reduced when the
minus origin was absent and when the plasmid
was enlarged through the insertion of random
DNA fragments from Escherichia cofi. fhis
seemed to result {rom a reduction in the copy
number of the plasmid, presumably due to the
accumulation ol single-stranded and high-
molecular weight replication products. At 47'C
the copy numbers were twice as high as those
observed at 37'C, which might explain the full
segregationally stability of all six plasmids in
B.subtilis aI 47'C.
In order to develop host-vector systems for use
at temperatures above 4IC, pTBgl3derivatives
were transferred to two strains of B.steara-
thermophilus. The segregational stabilities
appeared to be strongly strain-dependent. In
strain CU21 a high degree of segregational
instability was observed with pTB913. This
seemed to result from the production of large
amounts of single-stranded DNA replication
intermediates due to a low activity of the minus
origin. In contrast, in strain NUB3621 pTB913
was relatively stably maintained. In this strain
the minus origin seemed to be active, asfollows
from the observation that single-stranded DNA
was efficiently converted to double-stranded
plasmid DNA. This is likely to be an important
reason for the observed higher stability of
oTB913 in strain NUB3621 comDared to strain
CU21. l t  was concluded that pTB913 was a
suitable vector Jor molecular cloning at elevated
temperatures in certain Bacll/us strains,
including B,stearothe rmophilus NUB3621.
Experiments with a plasmid based on the BepA
determinant, conferring theta replication, in
NUB3621 indicated that ihis plasmid was lost
very rapidly from the cell population and was,
theretore, lesssuitable as a cloning vector in this
strain.
